Minireviews provides an opportunity to summarize existing knowledge of selected ecological areas, with special emphasis on current topics where rapid and significant advances are occurring. Reviews should be concise and not too wide-ranging. All key references should be cited. A summary is required. We define seed limitation to be an increase in population size following seed addition. Here, we briefly consider how theoretical models deal with seed limitation and how seed sowing experiments can be used to unravel the extent of seed limitation in natural systems. We review two types of seed addition experiments: seed augmentation studies where seeds are added to existing populations; and seed introductions where seeds are sown in unoccupied sites. Overall, approximately 50% of seed augmentation experiments show evidence of seed limitation. These studies show that seed limitation tends to occur more commonly in early successional habitats and in early successional species. Most of the studies have concentrated on simply categorising populations as seed-or microsite-limited, but we believe that seed sowing experiments could be used to reveal much more about community structure, and we discuss possible future directions. In 53% of introduction studies (where seeds were sown at sites from which the species was known to be absent) the introduced species was recorded in at least one of the experimental sites following sowing. However, of the subset of studies where both seedlings and adult plants were recorded, 64% of sites contained seedlings while only 23% contained adults. This implies that, for many species, conditions for establishment are more stringent than conditions for germination. The successful establishment of plants in unoccupied patches indicates the potential for immigration to enhance local diversity (the spatial mass effect). Few studies continued monitoring for long enough to determine whether or not self-sustaining populations were successfully established, and no study attempted to link introduction sites to a putative natural source of propagules, or considered the dynamics of the metapopulation as a whole. A. Turnbull, M. J. Crawley and M. Rees, Imperial College, Silwood Park, Ascot, Berkshire, UK SL5 7PY (present address of LAT: Flat 4, 206 Sheen Road, UK SW14 Recently, studies in both temperate (Clark et al. 1998) and tropical (Hubbell et al. 1999) forests have demonstrated that the seeds and seedlings of many species are absent from apparently suitable sites, suggesting that seed limitation may be widespread. Theoretical models deal with seed limitation in two quite different ways. In lottery models (e.g. Chesson and Warner 1981, 1985), the individual that successfully obtains tenure over a plant-sized patch of ground is selected at random from a pool of propagules. The identity of the winner is a lottery, and the probability of a given species obtaining site tenure increases monotonically with seed input (so long as the input of seed of competing species is constant). In contrast, models based on the competition/colonisation trade-off (Armstrong 1976 , Hastings 1980 , Shmida and Ellner 1984 , Tilman 1994 assume that the identity of the winning plant is deterministic. Species are ranked by competitive ability, and if a seed of the competitively superior species is present, then an individual of that species will gain site tenure, no matter how many seeds of the inferior competitors are present. Recruitment of the superior competitor occurs wherever seed is present, and competitive exclusion of the inferior competitors is only prevented if seed production by the superior competitor is too low, or seed dispersal too localised, for all sites to contain seeds. In this extreme case, seed limitation is binary rather than continuous. For the inferior competitors, seed production must be sufficiently high and seed dispersal sufficiently effective that the scarce recruitment opportunities open to them (i.e. absence of the superior competitor) are colonised with sufficient frequency to allow population persistence (Hastings 1980 , Tilman 1994 .
We define seed limitation to be an increase in population size following seed addition. Here, we briefly consider how theoretical models deal with seed limitation and how seed sowing experiments can be used to unravel the extent of seed limitation in natural systems. We review two types of seed addition experiments: seed augmentation studies where seeds are added to existing populations; and seed introductions where seeds are sown in unoccupied sites. Overall, approximately 50% of seed augmentation experiments show evidence of seed limitation. These studies show that seed limitation tends to occur more commonly in early successional habitats and in early successional species. Most of the studies have concentrated on simply categorising populations as seed-or microsite-limited, but we believe that seed sowing experiments could be used to reveal much more about community structure, and we discuss possible future directions. In 53% of introduction studies (where seeds were sown at sites from which the species was known to be absent) the introduced species was recorded in at least one of the experimental sites following sowing. However, of the subset of studies where both seedlings and adult plants were recorded, 64% of sites contained seedlings while only 23% contained adults. This implies that, for many species, conditions for establishment are more stringent than conditions for germination. The successful establishment of plants in unoccupied patches indicates the potential for immigration to enhance local diversity (the spatial mass effect). Few studies continued monitoring for long enough to determine whether or not self-sustaining populations were successfully established, and no study attempted to link introduction sites to a putative natural source of propagules, or considered the dynamics of the metapopulation as a whole.
Recently, studies in both temperate (Clark et al. 1998) and tropical (Hubbell et al. 1999) forests have demonstrated that the seeds and seedlings of many species are absent from apparently suitable sites, suggesting that seed limitation may be widespread. Theoretical models deal with seed limitation in two quite different ways. In lottery models (e.g. Chesson and Warner 1981, 1985) , the individual that successfully obtains tenure over a plant-sized patch of ground is selected at random from a pool of propagules. The identity of the winner is a lottery, and the probability of a given species obtaining site tenure increases monotonically with seed input (so long as the input of seed of competing species is constant). In contrast, models based on the competition/colonisation trade-off (Armstrong 1976 , Hastings 1980 , Shmida and Ellner 1984 , Tilman 1994 assume that the identity of the winning plant is deterministic. Species are ranked by competitive ability, and if a seed of the competitively superior species is present, then an individual of that species will gain site tenure, no matter how many seeds of the inferior competitors are present. Recruitment of the superior competitor occurs wherever seed is present, and competitive exclusion of the inferior competitors is only prevented if seed production by the superior competitor is too low, or seed dispersal too localised, for all sites to contain seeds. In this extreme case, seed limitation is binary rather than continuous. For the inferior competitors, seed production must be sufficiently high and seed dispersal sufficiently effective that the scarce recruitment opportunities open to them (i.e. absence of the superior competitor) are colonised with sufficient frequency to allow population persistence (Hastings 1980 , Tilman 1994 ).
These two extreme theoretical models make rather different predictions about the outcome of experiments involving seed sowing. If recruitment is a lottery, then recruitment will increase with seed addition for all the species involved, poor competitors as well as dominant species. In contrast, if plant dynamics involve the competitive asymmetry of the colonisation/competition trade-off, then the dominant plant species is much more likely to be seed-limited.
There are two distinct kinds of experiment on seed limitation. In the first case, the sown species are residents of the target community; we call this 'seed augmentation'. In the second case, the sown species are not part of the target community; we call this 'seed introduction'. Studies on augmentation and introduction tend to be carried out for rather different purposes. With resident species, it can be safely assumed that their regeneration niche exists (or at least existed) within the target community, and that abiotic conditions of substrate, microclimate, etc., do not present a fundamental barrier to recruitment. For non-resident species, we typically do not know this; their absence may reflect the absence of suitable regeneration conditions, so that no amount of seed addition will lead to recruitment.
Both kinds of sowing experiment allow a range of responses. If nothing happens, it may be because recruitment opportunities (e.g. suitable microsites) were absent at the time of seed sowing, or because seed-feeding animals consumed all of the sown seeds. In augmentation studies, seedlings may be present, but seedling densities may be no higher with seed addition than without, suggesting that recruitment opportunities are microsite-limited, and that background (pre-addition) levels of seed production and/or seed bank recruitment are sufficient to occupy all of the available microsites. If recruitment is increased by seed addition, it may be because more of the available microsites are occupied, or because of a reduction in density-dependent seed mortality (e.g. predator satiation). Recruitment following seed addition in introduction experiments indicates that the regeneration niche exits, and absence of the species from the community can be attributed to dispersal limitation (e.g. non-indigenous species which become naturalised following introduction).
Here we begin by briefly considering the major classes of models which incorporate seed limitation both at the local and regional scale, although it is not our intention to provide an exhaustive review (for more thorough reviews of selected topics see, for example, Tilman and Pacala 1993 , Fagerströ m and Westoby 1997 and for regional scale models see Hanski 1997) . Second, we review experimental studies of seed augmentation and introduction, in order to test whether there are general patterns in the frequency of seed limitation across plant life history types, plant communities or successional stages. This has a wider relevance, in that herbivores would be expected to influence plant population density in seed-limited species, but not in species where recruitment was microsite-limited (Andersen 1989 , Crawley 1990 , Louda and Potvin 1995 , Maron and Simms 1997 . Herbivores could have threshold effects on recruitment if reduced herbivory led to seed densities sufficiently high to satiate granivorous animals (Janzen 1976 , Ashton 1979 , Silvertown 1980 , O'Dowd and Gill 1984 , Crawley and Long 1995 , Herrera et al. 1998 .
Models of local scale dynamics
Competition experiments with subsets of coexisting species have frequently revealed the presence of fully transitive competitive dominance hierarchies (Miller and Werner 1987 , Tilman and Wedin 1991 , Tilman 1994 , Goldberg 1996 . This raises the question of how the competitively inferior species persist when classical competition theory predicts exclusion by the species at the top of the hierarchy (the competitive dominant). However, if the dominant is recruitment-limited, it is unable to colonise all sites, and space remains for a second species to invade. The characteristics required for successful invasion have been explored in a number of models (Skellam 1951 , Horn and MacArthur 1972 , Armstrong 1976 , Hastings 1980 , Shmida and Ellner 1984 , Crawley and May 1987 , Tilman 1994 .
If species form a strict dominance hierarchy the dominant competitor is unaffected by the presence of any number of inferior competitors, while the second species in the hierarchy can establish in any unoccupied cell. Clearly, far fewer cells are available for occupation by inferior competitors, and the colonisation rate required for persistence is correspondingly higher. In the model described by Tilman, the colonisation rate required by the nth species in the hierarchy increases with the inverse square of the unoccupied space (Tilman 1994) . We therefore expect competitive ability to be inversely related to colonising ability, and the dominant competitors to be the most strongly seed-limited. Theoretically, increasing seed inputs of the dominant competitors to high enough levels should precipitate a collapse in diversity Rees 1998, Turnbull et al. 1999 ).
Heterogeneous environments
Although many experiments have revealed that strict dominance hierarchies exist, it is entirely plausible that competitive rankings depend critically on the experimental conditions, for example, on the ratio of limiting resources (Tilman 1982) . Coexistence may then depend on differences in the environmental conditions between sites that allow each species to be the best competitor in some fraction of the habitat, making local-scale habitat heterogeneity critical to coexistence (Pacala and Tilman 1994) . Because the outcome of competition is deterministic we might expect seed limitation to have little effect. However, if the local environmental conditions vary independently in time and space, species need to disperse between 'good' patches (Comins and Noble 1985) . Hurtt and Pacala (1996) explored the effect of recruitment limitation in such a habitat. Unless fecundity is infinite, no species reaches all the sites for which it is the best competitor, allowing inferior competitors to win sites 'by forfeit'. If inferior competitors are not allowed to win sites when the dominant competitor is absent, the number of species that can persist in the model is greatly reduced. In addition, as species richness increases and each species becomes proportionally more rare, the amount of winning-by-forfeit increases, which slows the rates of competitive exclusion. Increasing the seed inputs of any of the component species will reduce winning-by-forfeit and lead to a reduction in diversity. However, the underlying habitat heterogeneity prevents any one species from excluding all others.
Lottery models
In lottery models, juveniles are chosen at random from the pool of potential recruits (Sale 1977) . The number of sites won by juveniles of the ith species in an n-species community is
where c i is the relative competitive ability of the ith species, b i is its per capita seed production and K is the number of available sites. Several empirical studies seem to support the idea that the recruitment process can be modelled as such a biased lottery (Lavorel and Lebreton 1992, Lamont and Witkowski 1995) . Note, that all species are seed-limited, as increasing the seed production of any species will generally increase population size. However, as the number of sites won by a particular species also depends on the seed production of competing species, the relationship between seed output and number of recruits is likely to exhibit a great deal of scatter (Chesson 1986 ). This scatter is likely to be greatest for the poorest competitors where recruitment is strongly influenced by the reproductive output of superior competitors.
If there is a strict dominance hierarchy such that c 1 = 1 and c j " 1 = 0, species 1 wins every site which becomes available and other species are immediately excluded. As all sites draw from the same pool of recruits, there is no opportunity for inferior competitors to establish in sites where the dominant competitor is absent. In fact, inferior competitors can only win sites if the competitive dominant entirely fails to produce viable juveniles in some rounds of recruitment (b 1 = 0) providing other species do not suffer the same fate (b j " 1 " 0).
Where the outcome of competition is less deterministic, inferior competitors can win sites in each recruitment round. If the environment varies between recruitment rounds, and this variation affects birth rates, an inferior competitor can potentially persist through episodic recruitment, if the survival of adults or dormant seeds buffers the population between favourable recruitment episodes. We would expect the inferior competitor to have superior temporal dispersal abilities, perhaps by having fewer episodes of reproductive failure (Rabinowitz et al. 1989 ) and longer-lived seeds. Clearly, the species must also respond differently to the environmental variation, otherwise episodes of poor seed production coincide and other species are unable to exploit the poor recruitment episodes of the dominant. As we move toward the limit, c 1 = c i =1, relative birth rates are all-important in determining recruitment success and much smaller fluctuations in the environment are required for coexistence (Chesson and Warner 1981) .
In summary, low seed production in space or time can promote coexistence, by preventing species from exploiting all the sites that they could otherwise win. If there is a single, deterministic hierarchy, the dominant species should be the most strongly seed-limited, and the addition of its seeds should have the greatest effect on diversity. If the environment is heterogeneous, the removal of seed limitation should not lead to a total collapse of diversity, but can still lead to reduced diversity as a result of the loss of winning-by-forfeit. In lottery models the outcome of competition is generally assumed to be less deterministic and relative numbers of recruits influence the probability of winning sites. That is, all populations are implicitly assumed to be seed-limited. In this case, much smaller fluctuations in reproductive outputs caused by changes in the environment can allow inferior competitors to exploit years in which the reproductive output of the dominant competitor is poor.
Regional scale dynamics
Metapopulation theory predicts that there should be suitable, but unoccupied, patches at the regional as well as at the local scale (Levins 1969 , Levins and Culver 1971 , Hanski 1997 ). In the classic formulation, populations are lost from suitable patches via stochastic processes, but are subsequently re-established by immigration. However, some authors maintain that the empirical evidence for stochastic causes of population extinction is weak (Harrison 1991 , Thomas 1994 . In this view it is accepted that small populations face a high risk of extinction, but such populations are either considered to play a relatively minor role in the dynamics of the region, or are considered to have declined for deterministic reasons (Caughley 1994) . In this case, there are unlikely to be many substantial but unoccupied sites.
Plant populations may be particularly well buffered against extinction because of the presence of persistent seed banks (Eriksson 1996, Husband and Barrett 1996) . For example, in a sand dune annual community, populations of Cerastium semidecandrum are observed to crash regularly but immediate recovery usually ensues (Rees et al. 1996) . Such an event is probably a result of environmental fluctuations and recovery is almost certainly due to the persistence of seeds in the soil seed bank. The widespread occurrence of seed banks in many plant species may ensure that a single successful colonisation event is sufficient to ensure long-term population persistence in the face of short-term environmental fluctuations (unless the patch only supports a very small population when demographic and genetic stochasticity may also pose a serious threat). In this case, it is feasible that all suitable patches above some minimum size could be permanently occupied and regional recruitment limitation would be rare.
If regional sites become unsuitable for prolonged periods, colonisation limitation is likely to become a more potent force. In the classic metapopulation model with a fixed set of suitable sites, regional persistence only requires that the colonisation rate (c) exceed the extinction rate (m). However, in a set of dynamic sites, even when patches are being re-created as fast as they are being lost (for example at some rate 6), the colonisation rate required for regional persistence is higher because of the extra mortality inflicted by the loss of patches (c\ m+ 6; from Hanski and Ranta 1983) . Many plant species occur in such temporary habitats, for example, many biennial species (reviewed in van der Meijden et al. 1992) , and forest herbs and pioneer tree species which rely on canopy gaps (van Baalen and Prins 1983, Valverde and Silvertown 1995) .
Finally there may be sites suitable for the germination and establishment of a few individuals, which are incapable of supporting self-sustaining populations (Shmida and Ellner 1984, Pulliam 1988) . For example, the flux of propagules from self-sustaining populations is known to support satellite populations of the sand dune annual Cakile edentula (Keddy 1982 , Watkinson 1985 . However, a recent study showed that such spatial 'mass effects', while present, may be weak for many species (Kunin 1998) .
Clearly, seed introductions offer a direct way of identifying if suitable unoccupied patches exist at the regional scale. However, such patches may, or may not, form part of a metapopulation depending on their connections to other sites in the region. We also need to distinguish between putative source populations (l \1) and those which are putative sinks (l B 1). The successful establishment of a few individuals, but not of a self-sustaining population, indicates the potential for mass effects to enhance local diversity (Shmida and Ellner 1984, Kunin 1998 ).
Seed addition experiments Seed augmentation
Augmentation studies are often carried out for purposes other than to assess the extent of seed limitation, and for this reason were only included if sowing was carried out within a natural or semi-natural community, with unsown control plots established and monitored. Studies were also excluded if an unequivocal result was not presented for each of the augmented species. A total of 27 studies incorporating some 90 species were found to fulfil these criteria. In order to facilitate comparisons between future studies a guide to a simple single-species addition experiment is given in Table 1 . The augmentation studies included here were carried out within a limited range of ecosystems, and have therefore been placed in one of six habitat categories: newly ploughed fields; early or mid-successional fields (unploughed for 2-30 yr before sowing); intact arid grassland (unploughed for \30 yr before sowing); intact mesic grassland (unploughed for \30 yr before sowing); temperate woodland; and coastal shingle or sand dunes. Only one study, conducted in sub-tropical forest, could not be placed into one of these categories.
If we compare sand dunes, temperate woodlands and intact grasslands, we see that the extent of seed limitation is highest in sand dunes and lowest in grasslands (Fig. 1a) . Within grasslands, the prevalence of seed limitation declines in the order newly ploughed fields $early/mid-successional fields \ arid grasslands \mesic grasslands (Fig. 1b) . This progression implies that community composition is likely to be less influenced by the nature of the colonising pool as succession proceeds. For example, Gross and Werner (1982) showed that mid-successional species were only absent from newly ploughed sites because of a lack of seeds, but that early successional species could not persist in mid-successional fields. This is consistent with 
Estimation of the natural population seed output
Comparisons between studies would be facilitated if the experimental seed input were some specified multiple of the natural population seed output (for example two, three and ten times the natural seed output during the year the study is undertaken, or two, three and ten times the maximum known natural seed output).
Manipulation of seed outputs o6er a sufficient range of densities If possible both reductions and additions should be attempted. Reductions in seed output could be achieved by removing inflorescences prior to seed set. The highest sowing rate used should be sufficiently high to give unequivocal results, should there be no significant increase in recruitment (for example, at least ten times the natural seed output).
Duration of monitoring Existing studies vary greatly in their duration, some stopping at the seedling emergence stage, whilst others continue for several years. As a rule of thumb, monitoring should continue at least until the plants reach reproductive age.
Seed-feeding herbi6ores Herbivore exclosures should be considered in most habitats as losses of sown seed to generalist seed predators can be substantial. If possible, seed addition experiments should be performed both with and without predator exclusion.
Spatial and temporal scale Most existing studies have augmented seed inputs in a single pulse, but if recruitment is highly episodic in time, the results may be highly year dependent. Ideally the experiment should be repeated in a number of years, particularly if temporal variability in seed outputs is suspected to be a potential mechanism of coexistence. The appropriate spatial scale of seed addition experiments depends on the nature of the question, for example, whether interest centres on local abundance or on regional distribution. the idea that recruitment limitation is likely to be more prevalent in transient habitats. The particularly low incidence of seed limitation in mesic grassland is consistent with more general reports of low seedling numbers in this ecosystem (Cavers and Harper 1967 , Turkington et al. 1979 , Barrett and Silander 1992 , Johnston 1992 .
These patterns across habitats appear to be correlated with the availability of bare earth (for example, higher in sand dunes than in grasslands) and hence the number of competition-free microsites. If seed limitation becomes more prevalent as the availability of bare earth increases, we might expect a disturbance treatment, such as the removal of adult plants or soil disruption, to enhance the extent of seed limitation. In 20 out of the 29 cases where a disturbance treatment was applied, a statistical interaction between seed sowing and disturbance was detected. In 19 of these, recruitment in disturbed +sown treatments was higher than in plots receiving either seed additions or disturbance alone. This implies that the removal of adults often provides additional microsites, but that seeds are OIKOS 88:2 (2000) not always present to take advantage of such events. In the case of Carlina 6ulgaris, there was actually substantially lower recruitment in disturbed + sown plots than in undisturbed +sown plots (Greig- Smith and Sagar 1981) . This was thought by the authors to be due to the greater visibility of seeds in plots where the vegetation had been removed, leading to higher rates of seed predation. The presence of such interactions indicates that populations cannot easily be characterised as either seed-or microsite-limited.
To a lesser extent, life form also influences the probability of a species being seed-limited. The likelihood of seed limitation declines in the order annuals/biennials\ perennial non-woody species \perennial woody species (Fig. 2a) . The higher incidence of seed limitation among short-lived species is partly confounded with their association with early successional habitats (they constitute most of the species found in sand dunes and newly ploughed fields). However, the higher incidence of seed limitation in ruderal species is not consistent with the competitive dominants being the most strongly recruitment-limited, as required by competition/colonisation trade-off models. Within perennial non-woody species, legumes showed a particularly high incidence of seed limitation compared with grasses and non-leguminous forbs (Fig. 2b) . This is perhaps due to the unusually high seed weights of leguminous species which may constrain their fecundity (the seed size/seed number trade-off) and their high palatability, often leading to high levels of herbivore attack, and consequently to reduced seed output (see for example Ehrlén 1995, Harrison and Maron 1995) . The low incidence of seed limitation in woody species may be due to the removal of seeds by generalist herbivores prior to germination (Borchert and Jain 1978 , Hulme 1994 , Maron and Simms 1997 . For example, seed burial was essential for successful recruitment in Quercus robur due to the rapid removal of unburied acorns by seed-feeding animals (Crawley and Long 1995) .
Seed introductions
Whether or not the current regional distribution of a species is limited by seed availability can be investigated by sowing seed in sites where the species is known to be absent. Thirteen studies were found incorporating some 100 species (Appendix 2). In nearly all cases, the introduced species naturally occurred in habitats similar to that at the introduction site, and all studies were carried out within natural or semi-natural communities within the native range of the species. Introductions were deemed successful if at least one adult plant was present at the time of the census; it does not necessarily indicate the presence of a self-sustaining population.
In 53% of cases, the species was present in at least one of the introduction sites at the end of the monitoring period. Nine studies, involving 16 species at 90 sites, recorded establishment at both the seedling and adult stage. Of these, seedlings were present at 64% of sites while adult plants were only present at 23% of sites. This suggests that many apparently suitable sites cannot support adult plants although the species may germinate successfully. The small number of studies and the wide range of habitats make between-habitat comparisons difficult. However, two studies carried out in intact grasslands reveal a similar degree of seed limitation in both intact arid (55%) and mesic (59%) grassland (Burke and Grime 1996, Tilman 1997) . These figures seem surprisingly high, but in both cases species presence was based on percentage cover and biomass scores and we cannot be sure that adult plants were always present. Indeed, at least for the mesic grassland study, it is stated that many species were only represented as seedlings and juvenile plants (Burke and Grime 1996) . Once again disturbance increased the probability of successful establishment in 9 out of the 10 studies where a disturbance treatment was incorporated. It therefore seems that established adults form a considerable barrier to successful seedling establishment.
None of the studies attempted to link the chosen introduction sites with other occupied sites within dis- persal range. As such it is impossible to know whether or not such sites form part of a metapopulation. The lack of long-term monitoring in many cases does not allow us to deduce whether successful introductions might lead to self-sustaining populations which could in turn act as new source populations.
Discussion
The issue of seed limitation is clearly an important one in plant ecology: in several of the best known models of multi-species dynamics, local scale coexistence can only be achieved when the component species suffer from seed limitation in either space or time. Seed addition studies have revealed that seed limitation often occurs within established populations, but that the prevalence of seed limitation varies greatly between habitats (for example, it is much more common in early successional habitats than in grasslands, and some kinds of communities (e.g. mesic grasslands) show extremely low rates of seed limitation). This variation may have important consequences for other ecological processes. For example, seed predators are more likely to have substantial effects on recruitment in arid grassland where seed limitation is particularly common. Similarly, models of coexistence which assume that the competitive dominants are recruitment-limited might be less relevant in mesic grassland communities where the incidence of seed limitation is known to be particularly low.
To date, seed addition studies have focused simply on whether or not seed limitation occurs, which, while important, does not allow several alternative models of coexistence to be distinguished. However, we believe that seed addition studies do have the potential to provide powerful insights into community structure (see also Pacala and Rees 1998) . For example, the addition of seeds of all species at high density will ensure that all species reach all microsites (providing that there is little post-dispersal seed predation). If there is a high degree of competitive asymmetry, the competitive dominant should exclude other species in all sown areas (Turnbull et al. 1999) . In this case, recruitment limitation in either space or time must be critical to coexistence, although further work would be required to demonstrate the proximate causes of this recruitment limitation. If, however, the identity of the dominant species varies from place to place, it seems likely that underlying spatial heterogeneity is more important in maintaining diversity. If recruitment is a lottery, and species have similar competitive abilities, attention should focus on the magnitude of between-year variability in relative seed outputs and/or germination fractions (Chesson and Huntly 1989) .
We have seen that seed introduction commonly leads to the successful establishment of plants in sites where the species was formerly absent, supporting the idea that local diversity can be enhanced through immigration (Cornell and Lawton 1992) . It is worth noting, however, that many studies did not identify adult plants, and in those that did, the incidence of species presence dropped dramatically between the seedling and adult stages. Sowing experiments can be particularly useful in the study of mass effects by revealing the level of immigration required to supply a given density of new recruits. It might then be possible to determine the likelihood of substantial mass effects given the level of seed export from established populations, and the distance to putative sites. Disturbance enhanced the probability of successful establishment which supports the idea that equilibrium communities might be much more resistant to mass effects (Kunin 1998) . The increasingly disturbed nature of the landscape is likely to mean that recruitment limitation will become more prevalent: the importance of introducing the seeds of desirable species into newly created, or restored, sites is being increasingly appreciated in the conservation literature (Buckley and Knight 1989, Francis and Morton 1995) .
Longer-term monitoring is clearly required if we wish to establish whether or not the introduced plants form self-sustaining populations. This involves recording the seed output from sown recruits and would clearly be difficult for some long-lived species. If self-sustaining populations are successfully established, they have the potential to act as new source populations and this might allow the species to colonise a new region formerly out of reach (Pysek and Prach 1993, Thomson et al. 1993 ). The unequivocal identification of self-sustaining populations might also be difficult for species where suitable sites are transient, and population life time is inevitably short (Gross 1980 , van der Meijden et al. 1992 ). However, it is in such populations that recruitment limitation is most likely to play a major role in regional dynamics. ID Interaction with disturbance Y = a statistical interaction between sowing density and the disturbance treatment.
